The role of carotid stenosis on cognition remains to be determined. To study whether people with stenosis of the carotid artery have increased cognitive impairments, we studied 53 patients with moderate or severe carotid stenosis (with no symptoms of stroke or dementia) and 53 controls. We describe which cognitive functions were impaired in the patients and whether there were differences based on the side, the severity of the stenosis or the presence of neurological symptoms. Using the Repeatable Battery for the Assessment of Neuropsychological Status, we found that the patients with carotid stenosis had lower cognitive performances in attention, verbal memory, visuospatial capacity and verbal fluency. Patients with lesser degrees of stenosis than healthy control patients had better scores in learning and memory. The results from this study suggest that patients with severe carotid stenosis have a lower cognitive status than healthy control patients, which is associated with the degree of total carotid stenosis.
Introduction
Approximately 15 million people worldwide suffer from strokes each year. Vascular risk factors are the primary cause of strokes (Goldstein et al., 2006) , and severe stenosis of internal carotid arteries cause from 20% to 30% of cerebrovascular accidents (Timsit et al., 1992) . Although chronic cerebral ischemia and cerebrovascular accidents are known to cause cognitive impairments (Korczyn & Vakhapova, 2007) , the relationship between carotid artery stenosis and cognitive function is less clear.
Notions of a possible role of carotid stenosis in the pathogenesis of cognitive impairment arose from epidemiological studies in the mid-90s, including the cross-sectional study "Etude sur le vieillissement arteriel" (EVA; Auperin et al., 1996) , the Artherosclerosis Risk Communities (ARIC) study (Cerhan et al., 1998) , and the Tromso study (Mathiesen et al., 2004) . In the EVA study (Auperin et al., 1996) , a cohort of 1,200 people over 60 years was evaluated. The authors observed an association between the presence of carotid plaques and attention difficulties with reduced performance on the Mini-Mental State Examination (MMSE) and a relationship between carotid wall thickness and cognitive performance. This later finding was also reported in the ARIC study (Cerhan et al., 1998) which described an inverse association between carotid wall thickness and memory and digit symbol task performances. Subsequently, the epidemiological study Tromso (Mathiesen et al., 2004) of a subgroup of patients (n ¼ 189) with carotid stenosis .35% and no symptomatology found an inverse relation between the degree of stenosis and the Grooved Peboard Test (Matthews & Klove, 1964) and Trail Making Test (Reitan, 1958) scores. These studies provided valuable data on the relationship between carotid stenosis and cognitive impairment and generated hypotheses for future investigation.
Thromboendarterectomy (TEA) has become the surgical procedure used to prevent the occurrence of cerebrovascular events in patients with symptomatic (Goldstein et al., 2006; Sacco et al., 2006; Sztriha et al., 2004) and asymptomatic (Mohammed & Anand, 2005; Rothwell et al., 2003) carotid stenosis. Studies on whether there are cognitive impairments in patients with carotid stenosis scheduled for surgery have not been conclusive. Most of the previous studies evaluated the cognitive differences produced as a result of endarterectomy, without considering the basal cognitive state of the patients in detail. Several studies have investigated the cognitive status before the intervention but these studies were conducted on relatively small cohorts of mainly symptomatic patients with transient ischemic attack (TIA; Goldstein et al., 2006; Sacco et al., 2006; Sztriha et al., 2004) or patients who were asymptomatic (Mohammed & Anand, 2005; Rothwell et al., 2003) . Some authors found that before TEA, there was a worse performance in executive functions and visuospatial-constructional capabilities (Martinić-Popović, Lovrencić-Huzjan, & Demarin, 2009) , visual motor attention (Heyer et al., 2002) , visual memory, attention, and visual motor functions, compared with healthy individuals Heyer et al., 2002; Mathiesen et al., 2004) . In contrast, other studies comparing patients who had suffered a TIA with a control group (Boeke, 1981) found no cognitive differences between the groups (Iddon, Sahakian, & Kirkpatrick, 1997; Van den Burg et al., 1985) . The results are divergent from one another due to methodological variability between the studies (De Rango et al., 2008) . The conflicting results are attributable to differences in several methodological issues (lack of statistical power, type of neuropsychological test, type of statistical analyses, follow-up schedule, inclusion/absence of a control group), clinical and demographic variables (age, presence of diabetes, difference in symptomatology), and the variety of tests used to assess cognition in each study.
The need for TEA is determined by the degree of carotid stenosis together with the presence of neurological symptoms. Despite the importance of the severity of the obstruction in medical decision-making, the relationship between cognition and the progression of the disorder over time remains unclear. Knopman and colleagues (2001) , in their longitudinal study, found an association between carotid artery wall thickness and cognitive scores after 6 years of follow-up. However, more recent studies have shown mixed results. In a study by Bossema and colleagues (2006) , patients with severe bilateral stenosis, as pointed out by Knopman and colleagues (2001) , showed poorer cognitive performance than patients with milder stenosis (Bossema et al., 2006; Knopman et al., 2001; Martinić-Popović et al., 2009) . However, in a study by Landgraff, Whitney, Rubinstein, and Yonas (2010) , no differences were found when patients were divided according to severity or the presence of stenosis in one or two carotids. The four studies differed in the inclusion and exclusion criteria used; therefore, it is difficult to get conclusive data on whether the severity of stenosis affects cognition.
Similarly, in studies that have assessed the importance of the presence of neurological symptoms in preoperative cognitive performance, the results have not been conclusive. Some authors have reported cognitive differences according to the neurological symptoms of the patients (Brand, Bossema, Ommen Mv, Moll, & Ackerstaff, 2004; Heyer et al., 2002; Rao, Jackson, & Howard, 1999) , whereas other studies have reported no such relationship (Bo et al., 2006; Bossema et al., 2006; Fearn et al., 2003; Heyer et al., 2006; Mononen, Lepojärvi, & Kallanranta, 1990; Soinne et al., 2009 ). This discrepancy is likely due to the limited information provided by the authors on the characteristics of the stroke patients.
Several studies have aimed to find the specific effects of laterality on cognitive functions after TEA, based on the assumption that the restoration of blood supply to the brain is more beneficial to the functions mediated by the ipsilateral hemisphere on the side of the operation rather than on the contralateral side. The results of these studies, however, have shown great variability. Whereas some studies reported ipsilateral cognitive effects (Hemmingsen et al., 1986; Mononen et al., 1990) , others reported contralateral effects (Bornstein, Benoit, & Trites, 1981; De Leo et al., 1987) , mixed effects (Bornstein, Benoit, & Trites, 1981; De Leo et al., 1987; Greiffenstein, Brinkman, Jacobs, & Braun, 1988; Lind et al., 1993) , or no specific effects (Antonelli Incalzi et al., 1997; Boeke, 1981; Bossema et al., 2007; Casey, Ferguson, Kimura, & Hachinski, 1989; Van den Burg et al., 1985) . These studies, however, were focused on the effect of improved postoperative blood flow, leaving the question of whether there are cognitive differences prior to intervention unanswered.
The aim of the current study was to determine whether patients with severe stenosis of the carotid artery but without significant cerebrovascular symptoms (stroke) and without dementia, who would undergo TEA, have worse cognitive functioning than healthy participants. Thus, we selected a sample of patients with severe carotid stenosis without dementia and matched them one by one according to age, sex, and education with a sample of healthy control participants with no dementia and no vascular risk factors. The main objective was to describe which cognitive functions were impaired and whether there were cognitive differences based on the severity of the stenosis, the side that was to be operated on right internal carotid artery (RICA) or left internal carotid artery (LICA), the presence of neurological symptoms (TIA), and the role played by vascular risk factors. Our hypothesis was that patients with a high degree of carotid stenosis, who have not yet been operated on, would have worse cognitive functioning than healthy participants.
Methods

Participants
One hundred and six participants, including 53 patients with carotid stenosis and 53 healthy controls, were recruited to participate in this cross-sectional study. All 53 patients had carotid stenosis in one or both carotid arteries. The patients were assessed by the Doppler ultrasound of the carotid bifurcation and magnetic resonance angiography of the supraaortic branches (TSA). Patients were recruited among those eligible for TEA in the "Hospital Universitari Mutua Terrassa" in Terrassa, Spain, between September 2004 and December 2008. The degree of stenosis was defined as mild (0%-50%), moderate (50% -70%), and severe (.70%) according to the criteria of the European Carotid Surgery Trial (ECST) by performing an angiography prior to surgery. All patients underwent a brain-imaging test (computed tomography [CT] and/or magnetic resonance imaging [MRI] ). Patients who had suffered a stroke were excluded from the study. The patients were classified according to medical records as having had a TIA, non-hemispheric symptoms (dizzy spells, vertigo, or other symptoms typical of vertebro-basilar ischemia) or no symptoms at all. The stenosis was asymptomatic in 11 patients and symptomatic in 42; symptoms involved one episode of TIA in 20 participants and non-hemispheric symptoms in 22. The control group consisted of 53 healthy participants who were recruited among the companions of the patients in the Memory Unit of Hospital Universitari Mutua Terrassa. Each patient was paired with a healthy control participant of the same age, sex, education, and handedness (all were right-handed) to minimize the possible influence of the above-mentioned factors on cognition.
The exclusion criteria for both groups were as follows: severe sensory deficits (vision and hearing) and the current presence of psychiatric pathology according to Diagnostic and Statistical Manual of Mental Disorders. Fourth Edition. Text revised criteria (American Psychiatric Association, 2000) . To exclude the degree of cognitive impairment in dementia, we used the MMSE (Folstein, Folstein, & McHugh, 1975 ) with a cutoff score of 24. In the patient group, we excluded those who had suffered a stroke by conducting a neuroimaging test (CT and/or MRI). The presence or the absence of the following vascular risk factors was recorded via clinical interview: hypertension, dyslipidemia and diabetes mellitus. Interviews performed in the control group ruled out cerebrovascular disease or any other neurological, psychiatric, or metabolic disease and confirmed the absence of the vascular risk factors mentioned above that may influence cognitive function.
To analyze whether there were cognitive differences based on the severity of the stenosis, the patient group was subdivided into three groups. To make this subdivision, the type of stenosis in both carotid arteries was taken into account and classified as moderate stenosis (when one of the carotids had a moderate stenosis and the other a mild stenosis), high stenosis (presenting moderate stenosis in one carotid and severe stenosis in the other), or severe stenosis (when both carotids had severe stenosis). To examine the cognitive differences within the patient group according to the side that would be operated on, the group was divided into RICA and LICA. To study the cognitive differences of the group of patients according to the presence or the absence of neurological symptoms (TIA), the group of patients was subdivided into two groups, depending on whether they were asymptomatic or symptomatic.
The research protocol was performed in accordance with the Review Board and Ethics Committee (CEIC) of the Hospital Universitari Mutua Terrassa. The participants were asked to authorize the use of general information recorded in the data collection workbook (CRD), which excluded their personal information.
Neuropsychological assessment
The patients were assessed 1 week before TEA in the neurology unit. At the beginning of the session, all patients and healthy controls were informed about the nature of the study and the type of assessment they would be given. The battery of neuropsychological tests was administered by an experienced neuropsychologist (LCH) and a research psychologist (NCM) trained to carry out the assessment and correction of these tests. The examiners were blinded to the status of the participants.
The cognitive assessment was performed using the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS), created in 1993 by Christopher Randolph (Randolph, Tierney, Mohr, & Chase, 1998) and adapted for Spanish-speaking population (Muntal et al., 2011) . The RBANS is a brief, individually administered screening test battery measuring several cognitive domains. It consists of 12 subtests, which yield five index scores-Immediate Memory (composed of List Learning and Story Memory subtests), Visuospatial-Constructional (composed of Figure Copy The item scores are raw scores recorded during the test of RBANS. The domain scores are converted from the item scores using conversion tables in the RBANS manual. The total score is converted from the sum of index scores using the appropriate table in the RBANS manual. For additional details, refer to the RBANS manual (Randolph, 1998) .
Statistical analysis
Quantitative variables are expressed as the mean (M) and standard deviation (SD) or median and range. To begin testing the primary aims of the paper, the inferential analysis was made using the Student's t-test for quantitative variables. When the qualitative variable had more than two categories, one-way analysis of variance with Sheffé's contrast was used to compare scores from the groups on the five indices and 12 subtests of the RBANS. We developed a multiple linear regression model using the Enter method to analyze the relationship between the total score of the RBANS scale and the five indices as the dependents variables and the predictors (age, education, sex, vascular risk factors, degree of stenosis, neurological symptoms) as the independent variables. We performed a x 2 tests to investigate the possible association between stenosis (moderate, high, and severe) and vascular risk factors. For all tests, by the Bonferroni correction for multiple analyzes, we calculated an initial p-value of .009 to maintain statistical significance at .05. Statistical analysis of the data was performed using SPSS version 17. Additionally, we calculated the effect size (Cohen, 1988) to measure the magnitude of the differences found. The following cutoff (Aharon-Peretz et al., 2003 ) scores were applied: 1.10 to ,1.45, very large effect; 0.75 to ,1.10, large effect; 0.40 to ,0.75, medium effect; 0.15 to ,0.40, small effect.
To provide information about the level of impairment in the patient group, we calculated the percentage of participants whose performance fell 1 SD (represent the lower end of normal), 1.5 SD (Mild Cognitive Impairment; Petersen et al., 2001) , and 2 SD (clearly fall into the impaired range) below the control group.
Results
The study consisted of 106 participants: Fifty-three patients with carotid stenosis awaiting surgery by endarterectomy and 53 healthy participants, matched one-to-one based on age, sex, education, and handedness (Table 1 ). The MMSE used as an inclusion criteria to exclude cognitive impairment in the degree of dementia showed significant differences between the patients group (M: 27.73, SD: 1.88) and the control group (M: 28.60 SD: 1.37). The results were within the normal range for both groups, but the control group scored significantly better than the group of patients. The clinical characteristics of the group of patients with stenosis are listed in Table 2 .
Neuropsychological assessment with RBANS revealed that patients with carotid stenosis achieved a lower RBANS performance in the raw scores for List Learning (Immediate Recall), Figure Copy and Line Orientation (VisuospatialConstructional), Semantic Fluency (Language), and Coding (attention and speed of information processing scores). The five indices of the tests, the sum of these values, and the total scale score also showed significant differences. In all of these cases, the patients had a lower performance than the control group (Table 3) . The most significant differences between the groups was found in the Visuospatial-Constructional index (d ¼ 0.94, p , .001).
In a second analysis, the group of patients with carotid stenosis (irrespective of the side of operation) was divided according to the degree of total stenosis presented in both carotid arteries. No differences regarding age, sex, and education were reported when performing this analysis. Significant differences were observed when comparing patients according to the level of stenosis: Poorer RBANS performance was observed in List Learning and List Recall tasks in patients with severe stenosis in comparison with patients with mild stenosis (Table 4) .
When the TEA patient group was divided into the RICA (47.2%) and LICA (52.8%) groups by the degree of stenosis in each carotid and the presence of neurological symptoms, no differences in the variables of age, sex, and education were observed between groups. Also, no significant differences were observed on RBANS performance (Table 5) .
However, when comparing the performance of each of the subgroups with the control group, there were indeed significant differences. When comparing the right carotid stenosis in the patients (RICA) group with healthy participants, the patients showed greater deficits in immediate and delayed memory (List Learning and Story Recall) and Line Orientation, for the Immediate Memory index, Visuospatial -Constructional index, sum of indices, and the Total Scale score (Table 5) . Of the significant differences between patient groups, the greatest effect was on the Visuospatial-Constructional index (d ¼ 0.86, p ¼ .007). In contrast, when comparing the control group with the left carotid stenosis (LICA) group, we found that the latter showed lower scores in a greater number of areas: List Learning, Figure Copy , Line Orientation, Semantic Fluency, Coding, and all the indices that make up the scale (Immediate Memory, Visuospatial-Constructional, Language, Attention, and Delayed Recall) as well as the sum of the indices and the Total Scale (Table 5 ). The largest effect was seen for the sum of the indices (d ¼ 1.33, p , .001). When preoperative scores (left-and right-sided patients separated) were compared with the mean of the control group, the comparisons revealed that 40% of the RICA group performed 1.5 SD below the mean. The Visuospatial-Constructional index and the Immediate Memory index had the highest percentage of participants with scores ,1.5 SD below the mean for the RICA group (32%). On the other hand in the LICA group, 42.9% of the participants performed 1.5 SD below the mean of the control group, and 53.6% performed 1 SD below the mean. The Visuospatial -Constructional index had the highest percentage of participants with scores ,1.5 SD below the mean for the LICA group (Table 6) .
No significant differences in age, sex, or education were found when comparing symptomatic and asymptomatic patients. Similarly, when comparing neuropsychological test scores, no significant differences in RBANS performance were found between the groups (Table 7) . We also did not observe differences on RBANS performance when comparing patients with non-hemispheric symptoms with TIA patients, patients with non-hemispheric symptoms with asymptomatic patients, or TIA patients with asymptomatic patients.
In a subsequent analysis, no demographic differences among the subgroups of patients with carotid stenosis were found when considering the effect of the vascular risk factors on RBANS performance. There was indeed a poorer performance in picture naming in patients with hypertension (M: 9.66, SD: 0.62; d ¼ 0.65, p ¼ .002) compared with those without hypertension (M: 10, SD: 0.00) and a reduced Story Recall in patients with dyslipidemia (M: 10.26; SD: 4.46; d ¼ 0.67, p ¼ .022) compared with non-dyslipidemic individuals (M: 12.26, SD: 3.65). However, there were no significant differences in cognition between patients with diabetes mellitus and those without this pathology. When a x 2 -test was performed to investigate the possible association between stenosis (moderate, high, and severe) and vascular risk factors, no significant results were obtained. Finally, in the multiple linear regression analysis applied to study, the relationship between the dependent variables (RBANS Total Scale and the five indices) and the hypothesized predictors or adjustment variables (age, education, sex, vascular risk factors, degree of stenosis, or neurological symptoms), only education reached statistical significance (r ¼ .588, p , .01).
Discussion
The results of our study support the idea that patients with carotid stenosis, who are candidates for TEA and have no evidence of severe neurological damage, show a greater risk for cognitive impairment compared with healthy individuals with no vascular risk factors or cognitive impairments. In the carotid stenosis patient group to whom we administered a battery of neuropsychometric tests, we found that the affected cognitive areas were attention and speed of information processing, verbal memory, verbal fluency, and visuospatial-constructional function. These findings are in line with previous studies that found deficits before surgery in verbal and visual memory (Aharon-Peretz et al., 2003; Bossema, Brand, Moll, Ackerstaff, & van Doornen, 2005; Gaunt et al., 1994; , attention (Aharon-Peretz et al., 2003; Bossema et al., 2005 Bossema et al., , 2006 Gaunt et al., 1994; , executive function (Aharon-Peretz et al., 2003; Bossema et al., 2005 Bossema et al., , 2006 Bossema et al., , 2007 Heyer et al., 2002) , psychomotor skills (Bossema et al., 2005; Gaunt et al., 1994; Heyer et al., 2002) , and motor function and visuospatial function (Bossema, Brand, Moll, Ackerstaff, & van Doornen, 2007; Gaunt et al., 1994; Heyer et al., 2002) .
In contrast to these results, no cognitive differences between patients with carotid stenosis and control participants were found in other studies (Aleksic et al., 2006; Heyer et al., 2008) . The results of these studies may differ from ours due to the fact that there were no healthy individuals used as controls in their studies. The study by Aleksic and colleagues (2006) was conducted in patients with peripheral vascular disease, and the study by Heyer and colleagues (2008) used patients with coronary heart disease. A high degree of carotid disease in both of these types of patients have been demonstrated by several studies (Cheng, Wu, Ting, Lau, & Wong, 1999; Cinà, Safar, Maggisano, Bailey, & Clase, 2002; House et al., 1999; Pilcher, Danaher, & Khaw, 2000; Van den Burg et al., 1985) , making these groups not ideal to be used as controls to assess the existing cognitive differences in samples of patients with carotid stenosis. Other studies (Iddon et al., 1997; Kishikawa et al., 2003) that found no preoperative differences between healthy control participants and carotid stenosis patients were carried out using only patients with unilateral, but not bilateral, stenosis, which contrasts with our sample consisting mainly of patients with stenosis in both carotid arteries. If we consider that these patients had no contralateral carotid stenosis, we could ascribe the results to vascular compensatory mechanisms. Because this has not been confirmed, one way to address this would be to conduct an arteriographic study in both carotids to provide as much useful information about the stenosis and the degree of obstruction as possible. It is important to note that most of the studies on cognition and carotid stenosis have focused on the effect that the surgical operation has on cognitive performance, and their description of cognition before the operation is indirect and simplistic. One of the contributions of our study is that it aimed to investigate the cognitive status of stenosis patients, candidates to TEA, before the operation.
Regarding the importance of the degree of stenosis, we have found that cognitive impairment is related to the severity of the stenosis; similar to a study by Bossema and colleagues (2006) , a worse performance was observed for list learning and recalling in patients with a severe degree of stenosis (+70%). In connection with this finding, there are previous studies that refer to the importance of stenosis severity in the cognitive outcome after surgery. These papers claim to find a greater cognitive improvement in memory tasks in patients with a high degree of stenosis (Jacobs, Ganji, Shirley, Morrell, & Brinkman, 1983; Owens et al., 1980) . However, another study (Diener, Hamster, & Seboldt, 1984) performed in the same decade found no such relationship. The relation between stenosis severity and cognition is complex. In our study, we expected to observe a greater level of deterioration in many cognitive areas in patients with severe stenosis. However, only verbal mnesic function, short and long term, was affected by severe stenosis. As in the studies using different control groups, the methodological differences in sample selection may be the cause of the heterogeneity of the results. Having a larger and more homogeneous sample while controlling for confounding factors (contralateral stenosis, neurological symptoms, and vascular risk factors) might have provided more consistent results.
We expected the degree of cognitive impairment to be greater in patients with neurological symptoms (TIA), but these differences were not revealed in the results, and the cognitive state of the two groups of patients was similar to what was previously found (Bo et al., 2006; Fearn et al., 2003; Heyer et al., 2006; Mononen et al., 1990; Soinne et al., 2009) . Moreover, in a study of a subgroup of patients with reticular pathology, Bossema and colleagues (2006) found that patients with hemispheric pathology and asymptomatic patients, including patients who had previously undergone carotid surgery, had cognitive differences, but only in 3 of the 17 subtests studied (digit span, visual recognition, and verbal fluency). Thus, the authors concluded that these results did not support the distinction of subclinical groups according to symptoms (stroke) (Bossema et al., 2006) . We should also note that in Bossema's study, the subgroup of asymptomatic patients had better cognitive scores in some of the subtests than the healthy control participants. As discussed in our introduction, this study provides the groundwork for further investigations, as there is another group of studies that did find preoperative cognitive differences, depending on the presence of neurological disease (Brand et al., 2004; Heyer et al., 2002; Pearson, Maddern, & Fitridge, 2003; Rao et al., 1999) . It is possible that the data overlooked in these studies, that is, the territory impaired, neurological sequel present, the time span between the onset of symptoms and cognitive assessment among others, could help explain the variability in these findings. Therefore, the best approach would be to carry out a comprehensive study of asymptomatic and symptomatic patients with minor symptoms (TIA and non-hemispheric symptoms) and include patients with stroke in a second phase because of its greater complexity. Regarding the relevance of neurological symptomatology, our findings confirm the importance of regular assessment of the cognitive status of patients with carotid stenosis, as the presence or the absence of neurological symptomatology (AIT) did not influence cognitive performance.
In analyzing the importance of laterality in cognition, the neuropsychological data we obtained showed no significant differences between the RICA and LICA groups, consistent with previous works (Antonelli Incalzi et al., 1997; Bo et al., 2006; Bossema et al., 2006) . Also consistent with the literature, we found greater impairment in the subsample of LICA patients compared with the control group especially when the cutoff is set to 1 SD (Desmond, Moroney, Sano, & Stern, 2002; Lin et al., 2003; Román et al., 1993) . Therefore, our current study, which assesses preoperative cognitive functions and the differences between the RICA and LICA groups (in contrast to most studies which have focused on its effects after CEA), provides relevant data on the effect of carotid stenosis on cognition. Information on the degree of stenosis and neurological symptomatology, combined with data on cognitive performance on the affected side, could improve our understanding on the influence of left carotid stenosis on pre-surgery stroke risk (Rothwell, Slattery, & Warlow, 1997) .
According to the literature, a possible cause of cognitive impairment in patients with stenosis may be the presence of silent infarcts, white matter lesions (De Groot et al., 2002; Gunning-Dixon & Raz, 2000; Mungas et al., 2002; Sabri et al., 1999) , or arteriosclerotic narrowing or blockage in the vertebrobasilar arterial network (Dull et al., 1982) . These factors were not evaluated in our study, and therefore, their relationship with the deterioration remains to be demonstrated. However, we omitted patients with cerebrovascular lesions of large caliber. Other authors who studied cognitive impairment in patients with carotid stenosis also considered the possibility that blood redistribution, which according to Vriens and colleagues (2001) takes place in the circle of Willis, may be acting even before surgery by improving and compensating for the difference in blood velocity between stenotic and non-stenotic carotids.
The role played by vascular risk factors in cognitive impairment has been acknowledged (Biessels & Kappelle, 2005 for review; Qiu, Winblad, & Fratiglioni, 2005; Whitmer, Sidney, Selby, Johnston, & Yaffe, 2005) . These factors' association with stroke and carotid stenosis complicates matters further (Biessels, Staekenborg, Brunner, Brayne, & Scheltens, 2006; Whitmer et al., 2005) . Regarding the set of vascular risk factors evaluated in our study, we encountered major difficulties in the learning capacity of the group of patients with dyslipidemia. These results are consistent with a study by the Teunissen group (Teunissen et al., 2003) that showed a negative relationship between precursor levels of cholesterol and memory tests. The group of patients in the sample with hypertension performed the most poorly in picture naming. This finding has not been specifically described in previous studies but has been implied in those describing the presence of a non-amnesic type of cognitive impairment (Obisesan et al., 2008; Reitz, Tang, Manly, Mayeux, & Luchsinger, 2007; van den Berg, Kloppenborg, Kessels, Kappelle, & Biessels, 2009) . Unlike other vascular risk factors, diabetic patients with carotid disease did not show any difference in cognitive performance compared with non-diabetic individuals. These results differ from those obtained in studies that specifically analyzed diabetic participants without carotid disease (Bruehl et al., 2007; Kumar, Anstey, Cherbuin, Wen, & Sachdev, 2008; Van den Berg et al., 2009) . In general, our data support that some vascular risk factors play a role in the cognition of patients with carotid stenosis. This contribution awaits further investigation with a larger control population.
This study presents some limitations. First, one of the major limitations of our study is the sample size; with a larger size, different subgroups of patients could have been obtained (symptomatic, asymptomatic, or non-hemispheric symptoms), allowing for a better analysis of the differences between them. It would have also been helpful to explore whether patients without clinical symptoms suffered greater cognitive impairments than healthy participants with the same characteristics. Second, to improve the quality of the data found, we should have performed a carotid study on the participants in the control group and used MRI and/or diffusion tensor imaging to provide structural data on their brain state. The patient group had indeed undergone a brain-imaging test, but the data collected were minimal and only used to rule out stroke. The study could have been improved by analyzing these images thoroughly and extracting data to complement the quality of the results. Third, the control group was matched with the experimental group on demographic variables (sex, age, education, and handedness) but it was not matched by vascular risk factors (number of risk factors and time of exposure) and it would have been better to do it to explore the relationship between them. Finally, a cognitive assessment should be made on executive functions. In contrast, the neuropsychological battery used (for its brevity and simplicity of use) is a good tool to be used by other centers, which would allow for meaningful comparisons between working groups, and hence, improving the cognitive characterization of patients with carotid stenosis.
The number of people with carotid disease will continue to increase over time due to increased life expectancy. The group of patients with symptomatic or asymptomatic carotid stenosis should be given clearer information on how carotid stenosis affects their cognition and to what extent a surgery operation would improve their cognitive status and their quality of life.
In summary, the present data indicate that patients with severe carotid stenosis have a low pre-surgical cognitive status compared with a healthy population with the same sociodemographic characteristics, and that cognition is associated with the degree of carotid stenosis and vascular risk factors. Information on the cognitive status of stenosis patients may help to improve their treatment.
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